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Abstract

Diagnosing soft tissue tumors is challenging, even on ample incisional biopsies or resection specimens. There are more than
100 distinct types of soft tissue neoplasms, including more than 80 benign and intermediate mesenchymal tumors and around
40 soft tissue sarcomas. Accurate diagnosis relies first upon recognition of characteristic histologic and cytologic features,
including architecture, stromal characteristics, vascular patterns, and dominant cytology; these features may not be
represented or apparent in limited core needle biopsy or fine needle aspiration specimens. Once a differential diagnosis is
established, application of immunohistochemistry and cytogenetic or molecular diagnostic assays (especially fluorescence
in situ hybridization) is used in an attempt to reach a specific diagnosis. In recent years, the diagnostic armamentarium for
soft tissue tumors has expanded dramatically, following the discovery of molecular alterations that underlie the pathogenesis
of soft tissue tumors. These include new diagnostic immunohistochemical markers that serve as useful surrogates for
molecular genetic alterations. Availability of such markers has improved our ability to render accurate and specific diagnoses
based on limited biopsy samples. In this review, examples of recently developed markers for the diagnosis of selected soft
tissue tumor types will be discussed, including solitary fibrous tumor (STAT6), malignant peripheral nerve sheath tumor
(H3K27me3), epithelioid hemangioendothelioma (CAMTAL), dedifferentiated liposarcoma (MDM?2), and CIC-DUX4

sarcoma (WT1 and ETV4).

Introduction

There are more than 100 different mesenchymal neoplasms
of soft tissue, including approximately 80 distinct types of
benign and intermediate soft tissue tumors and approxi-
mately 40 distinct types of soft tissue sarcomas [1]. Soft
tissue sarcomas are rare (representing 1% of malignant
neoplasms) but remarkably diverse. Owing to their rarity
and diversity, diagnosing soft tissue tumors is challenging,
even on ample incisional biopsies or surgical resection
specimens. The World Health Organization (WHO) Clas-
sification is organized based on lineage; however, for many
types of soft tissue tumors, the line of differentiation is not
obvious, and some tumor types are of uncertain lineage [1].
Furthermore, tumors of diverse lineages can show similar
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histologic appearances, and distinguishing among benign,
intermediate, and malignant mesenchymal neoplasms can
be difficult.

Many (especially deep-seated) soft tissue tumors are
first sampled by core needle biopsy or fine needle aspiration
[2, 3]. In such limited samples, accurate diagnosis is parti-
cularly challenging [4, 5]. It is important to consider what
information is needed from these limited biopsies (Table 1).
First and most importantly, distinguishing benign from
malignant is critical; this distinction is needed for surgical
planning (marginal or simple excision vs. wide excision)
and for consideration of neoadjuvant therapy. Histologic
grade is also important information: in many practices,
neoadjuvant radiation therapy is reserved for intermediate
or high-grade sarcomas. In some cases, a specific diagnosis
is important: [1] for surgical planning, in terms of the extent
of resection (e.g., myxofibrosarcoma and epithelioid sar-
coma require particularly wide margins), or for medical
oncology (e.g., Ewing sarcoma, synovial sarcoma, and
some rhabdomyosarcomas require specific chemotherapy
protocols). However, each of these tasks may be difficult,
and in many cases, impossible, based on a limited biopsy
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Table 1 Limited biopsies of soft

. Question
tissue tumors: what do our

Potential reasons

clinical colleagues need to

fnow? Is this soft tissue tumor benign or
now?

malignant?

What is the histologic grade of
this sarcoma?

What is the specific diagnosis?

Surgical planning (marginal vs. wide excision)
Neoadjuvant therapy (radiation or chemotherapy)

Neoadjuvant radiation therapy

Surgical planning (extent of margins: e.g., myxofibrosarcoma,
epithelioid sarcoma)

Specific chemotherapy protocols (e.g., Ewing sarcoma, synovial
sarcoma, some rhabdomyosarcomas)

[4, 5]. Soft tissue tumors often exhibit architectural, stromal,
and vascular features that allow pathologists to render a
specific diagnosis; limited biopsies are often insufficient to
sample or recognize these findings. Sarcoma grading
includes “tumor differentiation” (which is essentially the
diagnostic category), mitotic count, and tumor necrosis; [6]
even if it is possible to achieve the diagnosis of a specific
sarcoma type, the latter two features are unlikely to be
representative of the tumor as a whole in a limited biopsy
specimen [7]. Applying these features in a limited biopsy
without regard to heterogeneity will often result in a “low
grade” (grade 1) designation, whereas the sarcoma may in
fact be higher grade. Attention to the radiologic findings
(i.e., if there is evidence of necrosis) can be helpful for an
integrated assessment of the most likely sarcoma grade. In
addition, some specific sarcoma types are ungradable (many
of which are translocation-associated); if a specific diag-
nosis for such a sarcoma cannot be rendered on a limited
biopsy, grading would (inappropriately) be attempted. Other
sarcoma types are high grade by definition (including many
round cell sarcomas); this group of sarcomas may be easier
to recognize in a core or fine needle aspiration biopsy, even
if a specific diagnostic category cannot be achieved.

Ancillary diagnostic methods

Conventional immunohistochemistry attempts to identify
tumor cell lineage. This approach certainly has value for
soft tissue tumor pathology, but in many cases, the findings
with such markers are insufficient to achieve a specific
diagnosis. Fortunately, many new, much more specific
immunohistochemical markers have been developed based
on molecular genetic alterations (Table 2) [8]. In addition,
molecular diagnostic techniques perform very well on core
biopsies, cell blocks, and cytologic smears and touch pre-
parations, including fluorescence in situ hybridization
(FISH), reverse transcriptase-polymerase chain reaction
(RT-PCR), next-generation sequencing, and new multiplex
gene fusion assays [9-11]. Of note, in contrast to the
applications for carcinomas and melanomas, next-
generation sequencing as of yet has limited value for soft
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Table 2 New and emerging immunohistochemical markers for soft
tissue tumors that correlate with molecular genetic alterations or were
identified through gene expression profiling

Antibodies

ALK FOSB RB1
f-catenin H3K27me3 ROSI1
BCOR MDM2 SDHB
CAMTAL MUC4 SMARCA4
CCNB3 MYC SMARCB1
CDK4 NKX2-2 TFE3
DOG1 PAX3 TLE1
ETV4 PDGFRA TRK

Table 3 Widely used probes for fluorescence in situ hybridization
(FISH) to aid in the diagnosis of soft tissue sarcomas

Tumor types Probes
Ewing sarcoma EWSRI
Desmoplastic small round cell tumor

Clear cell sarcoma

Extraskeletal myxoid chondrosarcoma

Synovial sarcoma SS18
Myxoid liposarcoma FUS
Low-grade fibromyxoid sarcoma

Alveolar rhabdomyosarcoma FOXO0l1
Well-differentiated liposarcoma MDM?2

Dedifferentiated liposarcoma

tissue tumor diagnosis; FISH remains the most widely used
molecular method for diagnosis in this class of tumors
(Table 3) [11]. However, deciding which immunohisto-
chemical markers to order requires an appropriate and
limited differential diagnosis, which can be a challenge on a
limited biopsy. Moreover, molecular genetic alterations are
often shared by diverse tumor types; for this reason, most
alterations have limited specificity (and must be integrated
with clinical, histologic, and immunophenotypic findings)
[12]. A common example is the EWSRI gene, first descri-
bed in Ewing sarcoma, but now known to be involved in
gene rearrangements in a wide range of tumor types, not
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Table 4 Recently developed immunohistochemical markers for
spindle cell tumors of soft tissue

Tumor types Markers
Desmoid-type fibromatosis f-catenin
Solitary fibrous tumor STAT6
Malignant peripheral nerve sheath tumor H3K27me3
Low-grade fibromyxoid sarcoma MUC4
Monophasic synovial sarcoma TLEl
Pseudomyogenic hemangioendothelioma FOSB

only sarcomas but also benign and intermediate soft tissue
tumors [13]. Nonetheless, identifying an EWSRI rearran-
gement by FISH can be sufficient to address a particular
differential diagnosis and thereby render a specific diag-
nosis [14].

Approaching soft tissue tumors by first paying attention
to the dominant cytology (spindle cell, epithelioid, pleo-
morphic, or round cell) is helpful to generate a differential
diagnosis. Such a pattern-based diagnostic approach can
facilitate ordering an appropriate panel of markers. In this
review, selected novel diagnostic markers within each of
these morphologic groups will be discussed.

Spindle cell tumors of soft tissue

In recent years, diagnosis of soft tissue tumors with spindle
cell morphology (which show considerable morphologic
overlap) has become much easier, as our understanding of
the molecular pathogenetic basis for such tumors has
increased. Recently developed diagnostic markers for
spindle cell tumors are listed in Table 4. Two examples,
solitary fibrous tumor and malignant peripheral nerve sheath
tumor, are discussed in this section.

Solitary fibrous tumor

First recognized in the pleura, solitary fibrous tumor is now
known to be an anatomically ubiquitous fibroblastic neo-
plasm, histologically characterized by “patternless” archi-
tecture, varying cellularity, prominent stromal collagen, and
dilated, branching (“staghorn”) blood vessels. This con-
stellation of features may not be recognized in a core needle
biopsy. “Hemangiopericytoma” is an obsolete synonym for
solitary fibrous tumor with uniform hypercellularity [15].
CD34 is positive in 95% of solitary fibrous tumors, but this
marker has low specificity, as it is also expressed in other
tumor types that may be confused with solitary fibrous
tumor (e.g., spindle cell lipoma, soft tissue perineurioma,
and dermatofibrosarcoma protuberans). Until recently, no
specific diagnostic markers were available; distinguishing

solitary fibrous tumor from other spindle cell neoplasms,
especially spindle cell sarcomas such as synovial sarcoma
and malignant peripheral nerve sheath tumor (in the case of
hypercellular examples) was a particular diagnostic chal-
lenge in core needle and fine needle aspiration biopsies.

In 2013, several groups identified a recurrent, pathog-
nomonic gene fusion in solitary fibrous tumor: NAB2-
STAT6 [16-19]. This fusion gene is a consistent finding in
solitary fibrous tumor, identified in nearly all cases. Since
these genes reside in close proximity on chromosome
12q13, conventional FISH cannot be used as a diagnostic
tool (i.e., the inversion resulting in this fusion cannot be
visualized by such a technique). Fortunately, immunohis-
tochemistry is an excellent surrogate for NAB2-STAT6
fusion: strong and diffuse nuclear staining for STAT6 is a
highly sensitive and specific marker for solitary fibrous
tumor [20, 21]. Monophasic synovial sarcoma, a close
histologic mimic of cellular or malignant solitary fibrous
tumors, is consistently negative for STAT6. Immunohis-
tochemistry for STAT6 can be performed on core needle
biopsies or cell blocks generated from fine needle aspiration
biopsies (Fig. 1) [22].

Malignant peripheral nerve sheath tumor

Malignant peripheral nerve sheath tumor may arise in
patients with neurofibromatosis type 1, sporadically, or
following therapeutic radiation therapy. When such tumors
originate from a large nerve or a neurofibroma, or when a
spindle cell sarcoma arises in a patient with neurofi-
bromatosis type 1, the diagnosis is relatively straightfor-
ward. Without such associations, however, diagnosing
malignant peripheral nerve sheath tumors is highly chal-
lenging, until recently relying in large part on recognition of
distinctive histologic findings (and exclusion of histologic
mimics such as monophasic synovial sarcoma) [23]. Char-
acteristic histologic features of malignant peripheral nerve
sheath tumor include a variegated appearance with alter-
nating hypercellular and hypocellular areas (the former
often with a tight, fascicular “fibrosarcoma”-like archi-
tecture), variable myxoid stroma, perivascular hypercellu-
larity, and elongated, tapering nuclei; heterologous
differentiation (most often rhabdomyoblastic) is observed in
around 5% of cases (a helpful diagnostic clue). These fea-
tures may not be appreciated in a limited biopsy specimen.
Evidence of Schwann cell differentiation by immunohis-
tochemistry for S100 protein or SOX10 is identified in less
than 50% of cases (usually with limited staining, easily
missed in a core needle biopsy) [24, 25].

In 2014, several groups identified SUZI2 and EED
mutations in malignant peripheral nerve sheath tumors [26—
28]. These genes encode proteins in the polycomb repres-
sive complex 2 (PRC2), which plays a key role in
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Fig. 1 Malignant solitary fibrous tumor. a Core needle biopsy of a
large pelvic mass from a 73-year-old woman shows a highly cellular
neoplasm with a focal area of pleomorphic cells and scattered thin-
walled, dilated blood vessels. b The tumor is composed of sheets of
ovoid cells with small amounts of cytoplasm. There was a high mitotic
rate (not shown). ¢ Immunohistochemistry for STAT6 shows strong
and diffuse nuclear staining, confirming the diagnosis of solitary
fibrous tumor. This finding reflects the presence of an underlying
NAB2-STAT6 gene rearrangement

epigenetic modification of chromatin through trimethylation
of histone H3 at the lysine 27 residue. PRC2 alterations are
found in up to 90% of malignant peripheral nerve sheath
tumors; homozygous mutations (identified in around 65%
of cases) result in loss of PRC2 function and loss of histone
H3 lysine 27 trimethylation (H3K27me3). This can be
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assessed by immunohistochemistry, as specific monoclonal
antibodies that only recognize H3K27me3 (but not histone
H3 without lysine 27 trimethylation) are available [29-31].
The rate of H3K27me3 loss depends upon histologic grade:
high-grade malignant peripheral nerve sheath tumors show
loss of H3K27me3 in up to 85% of tumors, whereas low-
grade malignant peripheral nerve sheath tumors show loss
in only 35% of cases [29]. Nonetheless, immunohis-
tochemistry for H3K27me3 has become the most sensitive
and specific available marker for malignant peripheral nerve
sheath tumor (since high-grade tumors are most often
encountered in clinical practice). This marker can be helpful
in biopsy specimens (Fig. 2); [32] however, it is important
to recognize that loss of H3K27me3 is not entirely specific
for malignant peripheral nerve sheath tumor, as a small
subset of dedifferentiated liposarcomas and some spindle
cell melanomas also show loss of H3K27me3 [33, 34].

Epithelioid tumors of soft tissue

A diverse array of rare soft tissue tumors shows epithelioid
cytomorphology [35]. The possibility of metastatic carci-
noma and metastatic melanoma must always be excluded
before considering a soft tissue tumor in this category, since
the former are so much more common. Paying attention to
architecture, cytology, stroma, and anatomic location can be
helpful to generate a differential diagnosis; however, the
distinguishing histologic features may not be well repre-
sented in a limited biopsy specimen. In recent years,
molecular genetic alterations for some sarcomas with epi-
thelioid morphology have been identified; in many cases,
immunohistochemistry may serve as a surrogate for such
alterations (Table 5) [8]. One such example, epithelioid
hemangioendothelioma, will be reviewed.

Epithelioid hemangioendothelioma

Originally believed to fall into the category of mesenchymal
neoplasms of intermediate biologic potential, epithelioid
hemangioendothelioma is now recognized to be a sarcoma,
although this distinctive sarcoma is less aggressive than
angiosarcomas [36]. Although epithelioid hemangioen-
dothelioma shows endothelial differentiation, this tumor
type is incapable of forming true vascular channels; its
recognition is therefore challenging. Epithelioid heman-
gioendothelioma is composed of epithelioid cells, usually
with bland nuclear morphology and eosinophilic, variably
glassy cytoplasm with occasional intracytoplasmic
vacuoles, arranged in cords and nests within a distinctive
myxohyaline stroma. Epithelioid hemangioendothelioma
may arise not only in soft tissue sites, but also in the liver,
lungs, and bones; at these latter sites, multicentric
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Fig. 2 Malignant peripheral nerve sheath tumor. a Core needle biopsy
of a chest wall mass from a 47-year-old man shows a highly cellular,
fascicular neoplasm with scattered thin-walled, dilated blood vessels.
b The tumor is composed of tight fascicles of uniform spindle cells
with even chromatin and scant cytoplasm. ¢ Areas of the tumor contain
collagenous stroma. Note the tapering nuclei. d Immunohistochemistry

Table 5 Recently developed immunohistochemical markers for
epithelioid tumors of soft tissue

Tumor type Markers

Alveolar soft part sarcoma TFE3

Epithelioid sarcoma INI1 (SMARCB1)
Epithelioid hemangioendothelioma CAMTAL1
Epithelioid hemangioma FOSB

Epithelioid malignant peripheral nerve sheath INI1 (SMARCBI1)

tumor

presentation is common. Keratin expression in epithelioid
hemangioendothelioma is a common finding; this feature,
along with the histologic appearances and multifocality in
anatomic locations where metastases are common, may
easily lead to misdiagnosis as metastatic carcinoma, espe-
cially lobular breast carcinoma and poorly cohesive
(including signet-ring-cell) gastric carcinomas.

Once the diagnosis is considered, demonstration
of endothelial differentiation by immunohistochemistry

H3K27me3

z P O

for H3K27me3 (histone H3 with lysine 27 trimethylation) shows loss
of nuclear staining. Note the staining in the endothelial cell nuclei,
which serve as a positive internal control. This tumor was negative for
S100 protein and SOX10 (not shown); fluorescence in situ hybridi-
zation (FISH) was also negative for SS/8 gene rearrangement
(excluding monophasic synovial sarcoma)

with vascular markers such as CD31 and ERG is usually
sufficient to render a specific diagnosis. However, in
around 20% of cases, the degree of nuclear atypia is
greater than conventional examples, often accompanied
by increased mitotic activity and sometimes sheet-like
areas; in such cases, the distinction from epithelioid
angiosarcoma (which is more aggressive than epithelioid
hemangioendothelioma and is more sensitive to che-
motherapy) can be challenging, particularly in limited
biopsies where areas of typical histology may not be
evident [36].

In 2001, two cases of epithelioid hemangioendothe-
lioma with a t(1;3)(p36.3;q25) translocation were pub-
lished [37]. Ten years later in 2011, two independent
groups identified the disease-defining gene rearrangement
that results from this translocation: WWTRI-CAMTAI [38,
39]. This gene fusion is a consistent finding in epithelioid
hemangioendothelioma, found in 85-90% of cases.
Immunohistochemistry for CAMTA1 serves as a
useful surrogate for this gene rearrangement: nuclear
staining for CAMTAL is positive in epithelioid
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Fig. 3 Epithelioid hemangioendothelioma of the liver. (a) Core needle
biopsy of a liver mass from a 60-year-old woman who presented with
multiple hepatic nodules. The liver parenchyma is infiltrated by
a cellular neoplasm with hyalinized stroma. (b) Much of the
biopsy consisted of nearly normal liver parenchyma with a subtle
hypercellularity. (c¢) The hepatic sinusoids contain scattered hyper-
chromatic and multinucleated cells. (d) Immunohistochemistry for

hemangioendotheliomas that harbor WWTRI-CAMTAI,
whereas CAMTAL is negative in epithelioid angiosarco-
mas, carcinomas, and other epithelioid mesenchymal
neoplasms that may mimic epithelioid hemangioen-
dothelioma (such as epithelioid sarcoma) [40, 41]. This

SPRINGER NATURE

CAMTAI1 shows nuclear staining in the atypical cells within the
sinusoids. (e) Other areas of the biopsy show more typical cytoarch-
itectural features of epithelioid hemangioendothelioma, with cords of
epithelioid cells containing occasional cytoplasmic vacuoles, embed-
ded in a collagenous stroma. (f) CAMTAL highlights the cord-like
architecture. CAMTA1 expression correlates with the pathognomonic
WWTRI-CAMTAI gene fusion

marker is particularly helpful in liver core needle biopsies,
where the subtle infiltration of epithelioid hemangioen-
dothelioma cells among hepatocytes may be difficult to
recognize (Fig. 3).
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Pleomorphic sarcomas of soft tissue

Despite significant histologic overlap, pleomorphic sarco-
mas are a diverse group of soft tissue sarcomas with marked
differences in clinical behavior and metastatic potential
[42]. As a whole, these aggressive sarcomas harbor com-
plex cytogenetics, in most cases without specific, diag-
nostically useful molecular alterations. For this reason,
careful attention to histology and application of immuno-
histochemistry to identify the line of differentiation remain
the cornerstones of diagnosis for most tumor types in this
category. For example, myxofibrosarcoma is recognized by
areas of the tumor with myxoid stroma containing curvi-
linear blood vessels and scattered hyperchromatic, pleo-
morphic cells; in high-grade examples, however, the
majority of the tumor may be devoid of myxoid stroma and
indistinguishable from an undifferentiated pleomorphic
sarcoma. In order to diagnose extraskeletal osteosarcoma,
osteoid matrix being laid down by the malignant tumor cells
must be identified; such a finding may be limited in extent,
with the bulk of the tumor again indistinguishable from
other pleomorphic sarcomas. Pleomorphic liposarcoma is
defined by the presence of lipoblasts within an otherwise
non-distinctive pleomorphic (or sometimes epithelioid)
sarcoma. Each of these distinguishing histologic findings is
rarely sampled in a core biopsy or fine needle aspiration
biopsy. It is therefore often impossible to render a specific
diagnosis in a limited biopsy sample. One notable exception
is the relatively common sarcoma type dedifferentiated
liposarcoma, for which useful diagnostic markers are
available.

Dedifferentiated liposarcoma

Dedifferentiated liposarcoma most often arises at central
body cavity sites, including the retroperitoneum, abdominal
cavity, and pelvis. Despite the often highly pleomorphic
morphology of this tumor type, dedifferentiated lipo-
sarcoma has much lower metastatic potential than other
pleomorphic sarcomas (approximately 15%); nonetheless,
most patients succumb to uncontrolled local recurrence,
sometimes decades following first presentation. Dediffer-
entiated liposarcoma is defined by the usually abrupt tran-
sition from well-differentiated liposarcoma to a non-
lipogenic sarcoma; the non-adipocytic component may
show highly variable morphology (even within a single
tumor), including pleomorphic, spindle cell, and epithelioid
morphology; variable myxoid stroma; and heterologous
elements in around 10% of cases (most often rhabdomyo-
blastic and chondro-osseous differentiation) [43]. Without
sampling the well-differentiated liposarcoma component,
dedifferentiated liposarcoma shows no distinctive histologic
features. The non-lipogenic component shows variable

expression of SMA and desmin and may therefore be
confused with leiomyosarcoma (among other sarcoma
types). In core needle biopsy specimens, recognition of
dedifferentiated liposarcoma may be extremely challenging;
the key point to remember is that a non-distinctive sarcoma
of body cavity sites is most often dedifferentiated
liposarcoma.

Fortunately, dedifferentiated (and well-differentiated)
liposarcoma harbors distinctive molecular genetic altera-
tions, in the form of high-level amplification of chromo-
some region 12ql13~15, which includes the oncogenes
MDM?2 and CDK4 (among others) [44]. These amplification
events are often contained within unusual forms of chro-
mosomes: ring chromosomes and giant marker (rod) chro-
mosomes, which can be identified by conventional
karyotyping. MDM?2 has become a defining marker for
dedifferentiated liposarcoma (Fig. 4). Both FISH for MDM?2
amplification and immunohistochemistry for MDM2 over-
expression may be used in differential diagnosis; the former
is more specific for dedifferentiated liposarcoma, since
some other tumor types that might be considered in the
differential diagnosis (e.g., malignant peripheral nerve
sheath tumor and myxofibrosarcoma) also often express the
MDM?2 protein (but not secondary to amplification) [45,
46]. However, the combination of MDM2 and CDK4
expression is much more specific than MDM2 alone. Either
type of testing may be extremely useful in the evaluation of
a core needle biopsy or fine needle aspiration specimen;
FISH for MDM?2 can be performed on a cytologic smear and
therefore requires limited cellular material (see Fig. 4) [47].
It has become relatively straightforward to diagnose ded-
ifferentiated liposarcoma on limited biopsy material, so long
as the possibility of this tumor type is considered.

Round cell sarcomas of soft tissue

Round cell sarcomas are a diverse group of highly aggres-
sive malignant neoplasms with a predilection for children
and young adults. These sarcomas often require specific
chemotherapeutic regimens; specific diagnosis is therefore
critical. However, these sarcoma types share similar histo-
logic features and can be extremely challenging to diagnose
on a core needle biopsy or fine needle aspiration specimen.
Paying attention to patient age and anatomic location can
help narrow down the differential diagnosis, but diagnosis
requires integration of these findings with histology,
immunohistochemistry, and often molecular genetics [48].
Fortunately, many of these sarcomas harbor specific trans-
locations, resulting in diagnostically useful gene rearran-
gements (Table 6) [48]. These gene fusions may be
identified by FISH, RT-PCR, and other more recently
developed techniques such as next-generation sequencing.
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Fig. 4 Dedifferentiated liposarcoma. a This core needle biopsy of a
large retroperitoneal mass from a 63-year-old man shows a variably
cellular spindle cell neoplasm. b The tumor is composed of fascicles of
mildly atypical, mitotically active spindle cells. The histologic
appearances are not distinctive. ¢ Immunohistochemistry for
MDM2 shows strong nuclear staining. d Fluorescence in situ hybri-
dization (FISH) performed on a cytologic smear from a corresponding

Table 6 Gene rearrangements in round cell sarcomas

Tumor type Gene fusions

Ewing sarcoma EWSRI-FLII, EWSRI-

ERG, others
CIC-rearranged sarcoma CIC-DUX4
BCOR-rearranged sarcoma BCOR-CCNB3
Alveolar rhabdomyosarcoma PAX3-FOXO1, PAX7-
FOXO01
Desmoplastic small round cell tumor EWSRI-WTI

SS18-SSX1, SS18-SSX2

FUS-DDIT3, EWSRI-
DDIT3

Poorly differentiated synovial sarcoma

Myxoid (“round cell”) liposarcoma

Molecular genetic testing is routinely performed on biopsy
specimens for the differential diagnosis of this class of
sarcomas, more often than for other sarcoma groups dis-
cussed earlier in this review. One relatively recently

SPRINGER NATURE
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fine needle aspiration shows multiple orange signals with a probe
directed against chromosome 12q15 (MDM?2) and two normal green
signals with a probe directed against the chromosome 12 centromere,
indicating high-level amplification of MDM?2. This is a characteristic
feature of dedifferentiated liposarcoma (and well-differentiated
liposarcoma)

identified sarcoma in this category, CIC-rearranged sar-
coma, will be discussed.

CiC-rearranged sarcoma

CIC-rearranged sarcoma (also known as CIC-DUX4 sar-
coma) is the most common “Ewing-like” (“undiffer-
entiated”) round cell sarcoma that lacks EWSRI gene
fusions, representing at least 70% of sarcomas that were
formerly relegated to this diagnostic wastebasket [49]. First
identified in 2006 [50] and defined more completely in 2012
[49], CIC-rearranged sarcomas most often arise in the deep
soft tissues of the extremities and trunk of young to middle-
aged adults, although the age range and anatomic distribu-
tion is wide; unlike Ewing sarcoma, bone origin is rare [51].
CIC-rearranged sarcomas pursue a much more aggressive
clinical course than Ewing sarcoma with worse outcomes,
although these sarcoma types are currently treated in a
similar fashion, since specific protocols for CIC-rearranged
sarcomas have not yet been developed [51]. Although
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Fig. 5 CIC-rearranged (CIC-DUX4) sarcoma. a A core needle biopsy
from a thigh mass from a 37-year-old man shows a highly cellular
neoplasm with large areas of necrosis. b The tumor is dominated by
round cells with focal areas of scant myxoid stroma. ¢ The tumor cells
show nuclear variability with irregular nuclei and small amounts of
eosinophilic cytoplasm. This degree of nuclear heterogeneity would
not fit with Ewing sarcoma. By immunohistochemistry, the tumor cells
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CIC-rearranged sarcomas are usually dominated by sheets
of round cells and may therefore mimic Ewing sarcoma, this
tumor type has distinguishing features, including mild
nuclear variability, prominent nucleoli, and small amounts
of pale or eosinophilic cytoplasm (Fig. 5); many tumors
have focal areas of myxoid stroma and a minor spindle
cell or epithelioid component, the latter sometimes with
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show nuclear staining for both ETV4 (d) and WT1 (e), characteristic
of CIC-rearranged sarcoma. Fluorescence in situ hybridization (FISH)
shows separation (“break apart”) of the green and orange signals,
corresponding to probes directed against the 5’ (centromeric) and 3’
(telomeric) sequences of the CIC gene, respectively. The yellow sig-
nals correspond to the normal copy of the CIC gene (with overlapping
5’ and 3’ probes)

rhabdoid features. These findings contrast with Ewing sar-
coma, which invariably shows remarkably uniform cyto-
morphology, with round nuclei, fine chromatin, indistinct
nucleoli, and scant cytoplasm.

In contrast to Ewing sarcoma, which shows strong and
diffuse membranous staining for CD99 in essentially all
cases, CIC-rearranged sarcomas often show patchy,
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heterogeneous staining for CD99, although diffuse staining
may be observed in 20% of cases [51]. NKX2-2 expression
also distinguishes Ewing sarcoma from CIC-rearranged
sarcomas [52, 53]. Gene expression profiling has identified
ETV4 and WT1 overexpression in CIC-rearranged sarco-
mas; [54] nuclear staining for these two markers by
immunohistochemistry is helpful to support the diagnosis
(see Fig. 5) [55, 56]. The most common gene fusion in CIC-
rearranged sarcomas is CIC-DUX4; CIC-FOXO4 has been
identified in rare cases [57, 58]. FISH to identify CIC
rearrangement can be used to confirm the diagnosis (see
Fig. 5). However, in around 15% of cases, FISH is negative,
owing to cryptic rearrangements; upregulation of ETV4 is
therefore more sensitive than FISH for CIC [59]. The
optimal diagnostic approach for CIC-rearranged sarcomas is
not yet entirely clear, although a combination of immuno-
histochemistry and FISH seems most promising.

Summary

Diagnosing soft tissue tumors in limited biopsy samples is a
challenge for surgical pathologists. Fortunately, the mole-
cular genetic alterations than underlie the pathogenesis of
many of these tumor types continue to be identified, in some
cases resulting in diagnostically useful FISH probes or
immunohistochemical markers. Such markers have ushered
in a new era in diagnostic immunohistochemistry; conven-
tional lineage markers are now being supplanted in some
cases with much more specific markers that recognize
protein surrogates of molecular genetic alterations. It is
therefore becoming easier to render a specific diagnosis in
core needle biopsy or fine needle aspiration specimens.
Unfortunately, this is not the case for all tumor types; in
some cases, a specific diagnosis is not possible, and dis-
tinguishing benign soft tissue tumors from sarcomas
remains our primary task.
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